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(£ Method for utilizing triethylaluminum to prepare an alumoxane support for an active metallocene 
catalyst 



T"»s inversion relates to a process for preparing a supported metallocene alumoxane catalyst for use in the 
po.yrrsenzaucn of olefins. The invention particularly relates to the use of silica gel containing from about 6 to 
abcut 20 per cent by weight adsorbed water as the catalyst support material. It has been found that such silica 
gei may be safely added to a solution, of tri alky I aluminum to form by direct reaction with the adsorbed water 
cor:ent of tra silica gel catalyst support material trie majority of the alumoxane component requirement of the 
caiijysi sysism. An alkylalumoxane coated silica gel is formed to which a trimethylaluminum treated metallocene 
mcy ce adoea and the resulting material dried to free-flowing powder. The dry free flowing powder may then be 
usee as a s-coorted metallocene alumoxane catalyst complex for gas phase or liquid phase polymerization of 
olefins. The supoorted catalyst produced by such procedure has an activity at least comparable to a catalyst of 
similar composition which is produced exclusively with trimethylaluminum as the alumoxane forming aluminum 
alkyl. 
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METHOD FOR UTILIZING TRIETHYLALUMINUM TO PREPARE AN ALUMOXANE SUPPORT FOR AN ACTIVE 

METALLOCENE CATALYST 

7-..s nvemicn relates to a process lor preparing a supported metallocene-alumoxare catalyst fcr us in 
:ne gas pnase o- liquid phase pclym rization of olefins, The invention particularly relates to the use of silica 
gel containing trim about 6 to.aoout 20 per cent by weight adsorbed vater as the catalyst support material, 
it has seen fourd that such silica gel may be safely added to a solution of trialkylaluminum to farm, by 

5 cirect reaction .uh the adsorbed water content of the silica gel catalyst support material, the alumoxane 
:ompcnen of ~e catalyst sysiam. In the present invention the alumoxane comocnent iS formed bw 
contacting unoe-ydrated silica gei with a solution of triethylaluminum after which the ethylalumoxane coated 
support is contacted with the product resulting from the reaction of a metallocene with trimethylaluminum. 
~r\e res„.-.:ng n- £ :erial is dried tc free llowmg powder to yield a supportec catalyst wfch is comparable m 

•; cataivrc activity :o a catalyst prepared solely with trimethylaluminum as the alumoxane forming component. 



Background to ~e Invention 

r- 0:eiir. polyrerization catalysts comprising a metallocene and an aluminum alkyl component were first 
croposec m ab:ut 1956. Australian patent 220436 proposed for use as a polymenzation catalyst a bis- 
cyciccer-adier. ) titanium, zirconium, or vanadium salt as reacted with a variety of halogerated or 
"nhaicceratec =.uminum alkyl impounds. Although capable ol catalyzing the polymerization of enylene. 
*ucn :s:a;ytic ccmplexes. espec-.ally those made by reaction with a tnaik/i aluminum, had an insufficient 

2: V/ei c: catalytic activity to be employed commercially for production cf polyethytere or copolymers of 
ethylene. 

Later it was found that certain metallocenes such as bis-(cycloper.tadienyl) titanium, or zirconium 
-.alkyis in comc-nation with alummum alkyl/water cocatalyst formed catalyst systems for the polymenzation 
cf etnyier-.e. Such catalysts are discussed in German Patent Application 2.608.863 which disposes a 
i* -oiyrr.enzaticn catalyst for ethvene consisting of bis-(cyclopentadienyl) titanium diaikyl. trialkylaluminum 
and water. Gerrran Patent Application 2.608.933 discloses an ethylene polymerization catalyst consisting of 
e cycioce^tad^-vl zirconium sa ■:. a trialkylaluminum cocatalyst and water. European Patent Applicaaon No. 
•"•0352-12 ciscicses a process fc preparing ethylene and atactic propylene polymers m the presence of a 
r/ciocentadien-. transition metal salt and an alumoxane. Such catalysts have sufficient activ.ty to be 
,, - =mrr .erc:£lly -seful and enable the control of polyolefin molecular weight by means other than hydrogen 
addition - sucr as by controlling the reaction temperature or by controlling the amount of cocatalyst 
alumoxane as s.ch or as produced by the reaction of water with an aluminum alkyl. 

To realize -e benefits of such catalyst systems, one must use or produce the required alumoxane 
-ocatalys^ com-onent. An alumoxane is produced by the reaction of an aluminum alkyl with water. The 
35 taction cf an aluminum alkyl w,th water is very rapid and highly exothermic. Because of the extreme 
violence -f the -action the alumoxane cocatalyst component has. heretofore, been separately prepared by 
cne of two general methods. Alumoxanes may be prepared by adding an extremely finely divided water. 
*uch as -n the s orm of a humid solvent, to a solution of aluminum alkyl in benzene or other aromatic 
hydrocarbons. The production of an alumoxane by such procedure requires use of explosion-proof 
jc equipmen anc .ery close control of the reaction conditions in order to reduce potential fire and explosion 
-azarcs =or th« reason, it has ceen preferred to produce alumoxane by reacting an aluminum alkyl with a 
r-ydrated salt s.ch as hydrated copper sulfate. In such procedure a slurry of finely divided copper sulfate 
pentahydrate arc toluene is formed and mantled under an inert gas. Aluminum alkyl is then slowly added to 
the slurry with s-rring and the reaction mixture is maintained at room temperature for 24 to 48 hours during 
« which a s:ow hvcrolysis occurs by which alumoxane is produced. Although the production of alumoxane by 
a hydrated sari method significantly reduces the explosion' and fire hazard inherent .n the wet solvent 
production metrod. production of an alumoxane by reaction with a hydrated salt must be carried cut as a 
process separate from that of producing the metallocene-alumoxane catalyst itself, is slow, and produces 
hazaroous wastes that create disposal problems. Further, before the alumoxane can be used for the 
sc -roduct.cn of re an active catalyst complex the hydrated salt reagent must be separated from the 
aiumoxane to crevent it from becoming entrained in the catalyst comp.ex and thus contaminating i any 
polymer oroduced therewith. In either of the above described methods, only trimethylaluminum (TMA) 
forms aiumoxare with good catalytic activity, other alkylaluminums. such as triethylaluminum (TEAL), form 
aiumoxane witn .-ery low catalytic activity. 
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U. S. Patent 4.431. 788 discloses a process for producing a starch filled polyoiefin composition wherein 
a trialky aluminum is first reacter with starch carticl s of a moisture content below 6 weight percent. The 
starch carucles are then treated *-:n a (cyctoper.tadienyDchromium. titanium, vanadium or zirconium alkyi to 
form a ™etallocen -alumoxane catalyst compi x on the surface of the starch particles. An olefin is then 
polymer ced about the starch part ;ies by solution or suspension polymerization procedures to form a free- 
flowing romposition of polyolefm-coated starch particles. German Patent 3,240.382 lik wise discloses a 
m thod *or producing a filled poivolefin composition which utilizes the water content of an inorganic filler 
material to directly react with a tnalkylaluminum and produce thereon an active metallocene-alumoxane 
catalyst complex. Polymer is procuced by solution or gas phase procedures at the filler surface to uniformly 
coat the ^Her particles and provide a filled polymer composition. 

German Patent 3.240.382 notes that the activity of a metallocene-alumoxane catalyst is greatly impaired 
or lost when prepared as a surface coating on an inorganic material. Although German Patent 3.240.382 
sucges:s that an inorganic maters*! containing absorbed or adsorbed water may be used as a filler material 
frcm w'-ch the alumoxane cocKalyst component may be prepared by direct reaction with a tnai- 
kyialumi-um. the only water combing inorganic filler materials which are identified as capable of producing 
th alurroxane without adversely effecting the activity of trie metallocene alumoxane catalyst complex are 
certain .^organic materials containing water of crystallization or bound water, such as gypsum or mica. 
German Patent 3.240.382 does rot illustrate the production of a catalyst coated inorganic filler material 
wherein the inorganic material s one having absorbed or adsorbed water. Nor does German Patent 
3.240.382 describe an inorganic f*::er material having absorbed or adsorbed water which has surface area or 
pore volume properties suitable for service as a catalyst support for a gas phase polymerization procedure. 

My :o-pending U.S. Patent Abdication Serial No. 134.413 discloses a method by wn.ch the requisite 
aiumora-e cocatalyst component : or a suoponsd metallocene gas phase polymerization catalyst may be 
safely a--3 economically preparec zy addition of an "undehydrated" silica gel to a trialkylaiuminum solution. 
My co-cending application illustrates the prbcuction of highly active silica gel supported metallocene- 
alumoxane catalyst wherein trimenylaluminum is utilized to form the alumoxane. Although triethylaluminum 
is known to be ineffective for the separate production of an alumoxane cocatalyst to yield a highly active 
catalyst system with a metallocere. in accordance with the method disclosed in my co-pending application 
Serial N3. 134.413. tnethylalumt-'jm was found to be suitable for production of very active supported 
metallocene-alumoxane catalyst s> stems by directly reacting tnethylaluminum with undehyorated silica. 

Althcugh the relatively low cost of triethylaluminum (TEAL) compared to trimethylaluminum (TMA) 
would seem to make TEAL prefer-sd for use. such is still not the case when viewed in light of the difference 
in cataivst activity between a TMA procuced catalyst system compared to a TEAL produced catalyst 
system The supportec catalyst -educed exclusively with TMA always has an activity at least about 20°'o 
greater man a like catalyst systen produced exclusively with TEAL. More typically, the activity of a TMA 
produced catalyst may be about *00% greater than a TEAL produced catalyst. Hence, from a commercial 
production standpoint, the catalyst activity difference still dictates the use of TMA for production of the 
alumoxane cocatalyst component despite the cost savings that could be realized by use of TEAL as an 
alternative. 

It wculd be desirable to devise an economical procedure whereby an active supported metallocene- 
alumoxane catalyst could be safely produced for use as a gas phase or liquid phase polymerization 
catalyst. To be economical the procedure should dispense with the requirement of producing the alumox- 
ane comoonent as a separate component apart from the procedure by which the catalyst itself is prepared. 
Further. =t would be desirable to cavise a procedure which utilizes TEAL to produce a substantial portion of 
the alurroxane cocatalyst required to provide a supported metallocene-alumoxane catalyst of an activity 
comparaole to one wherein the recuisite alumoxane cocatalyst component is formed exclusively from TMA. 



Summer/ of the Invention 

The process of this invention utilizes as the catalyst support material silica particles having a surface 
area in me range of about 10 nv g to about 700 m*'g. preferably about 100-500 m 2 g and desirably about 
200-400 m2/g, a pore volume of about 3 to about 0.5 cc/g and preferably 2-1 cog and an adsorbed water 
content of from about 6 to about 20 weight per cent, preferably from about 7 to about 15 weight per cent. 
Such s.itca particles are referrec to hereafter as an "undehydrate silica g r The silica gel supported 
metallocene-alumoxane catalyst « prepared by adding the undehydrated silica gel to a stirred solution of 
trialkylaiuminum in an amount student to provide a mole ratio of trialkylaiuminum to water of from about 
3-1 to acout 1:2. preferably 1.2:1 :o about 0.8:1: thereafter adding to this stirred solution a metallocene in an 
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amount sufficient to provide an aluminum to transioonal metal ratio of from about 1 000:1 to 1:1. preferably 
'rom acout 300:1 to 10:1. most preferably from about 150:1 to about 30:1: removing the solvent and drying 
•r.e scids to a :ree flowing powcer. Drying can ze cctamed by modest heating or vacuum. 

1>e driec free flowmg powoer compns s a rnetajiocene-alumoxane catalyst complex adsorbed upon the 
surface of the silica gel support particles. The sucponed catalyst compl x has an activity sufficient for 
commercial polymerization of olefins by conventional gas phase or liquid phase polymerization procedures. 

The process of th.s inventson further orovices for the use of TEAL to produce a substantial portion of 
ih aiumoxane cocataiyst component requireo to produce a supported metallocene-alumoxane catalyst 
raving a degree of catalytic activity which is comparaoie to a catalyst of like composition wherein the 
aiumcxane cocataiyst component is produced exclusively with TMA. Accordingly, in this embodiment of the 
crocess. the undehytirated s.lica gel supoort material is added to a stirred solution of TEAL to form an 
ethylaiumoxane coateo silica gel. A metallocene is separately reacted in solution with TMA and the resulting 
metaiiocene-TMA procuct is acmixed with the sthyialumoxane coated silica gel after which the solvent is 
•emo-.eo anc zr.e soiics dries to a free-«owmg acwaer. Wherein the quantity of TEAL reacted with the 
jnoer-ycratec siiica ge. is in a mole ratio :o me «a:er content of the silica gel of from aoout 0.7:1 to about 
i i a supponea catalyst of hign activity can be realized by reacting a quantity of TMA with the metallocene 
=uch that the mole rat.o of TMA:metailocene is from about 0.1:1 to about 10:1. the total mole quantity of 
coth tnalkylaiuminums oeing in a mole raoo to 3ie «ater content of the support of from about 0.8:1 to about 
121 -n the final sucoorteo catalyst composition. The supported metallocene-alumoxane catalyst so 
resulting has a catalyst activity at least ccmparaole to a supported catalyst of like metallocene composition 
and A;:transiticn metal ratio the aiumoxane comacnent of which is produced exclusively from TMA. 



Detaiiea Descnotion ot the Preferred Embodiments 

Tne present invention is Directed towards a method for preparing a supported catalyst system for use in 
tne gas phase cr high aressure single phase pcymerization of olefins. The supported catalyst is particularly 
sefui for the gas phase polymerization cf ethylene to h.gh molecular weight polyethyienes such as linear 
ow cens.ty soiyethylene (LLDPE) and high cersity polyethylene <HDPE). The polymers are intended for 
'abrication into articles by extrusion, injection motong. thermoforming. rotational molding, and the like. In 
-articular the polymers prepared with the catalyst complex and by the method of this invention are 
romccolymers cf ethyene anc copolymers of einy ene with higher alpha-olefins having from 3 to about 10 
carbon atoms and preferably 4 to 8 caroon atoms. Illustrative of the higher alpha-olefins are butene-l. 
^exere-i . anc cctene-5. , h 

In the process of me present invention, ethylene, either alone or together with alpha-olefins having three 
or more carbon atoms, is polymerized in the presence of a silica gel supported catalyst system comprising 
at least one metallocene and an aiumoxane. 

In accoraance with this invention, one can aiso produce olefin copolymers, particularly copolymers of 
-thylene and r.igher aisna-olefins having from 3-18 zarbon atoms. 

The active catalyst complex prepared by the process of this invention comprises a metallocene and an 
aiumoxane formed onto the surface of a silica gel support material. Alumoxanes are oligomers aluminum 
compounds represented by the general formula tR-AI-0) v which is believed to be a cyclic compound and R- 
.R-Al-0-) y AlR 2 which ,s a'linear compouno. In me general formula. "R" is a C,-C,o alkyl group such as. for 
example, methyl, ethyl, propyl, butyl, ana pentyl and -y* is an integer from 2 to about 30 and represents 
me degree of oligomerization of the aiumoxane. In the preparation of alumoxanes from, for example, the 
-eaction of tr.methylalumium and water, a mixture oi linear and cyclic compounds is obtained. Generally, an 
aiumcxane having a higher cegree of oligomerization will, for a given metallocene. produce a catalyst 
complex of h.gher activity than will an aiumoxane having a lower degree of oligomerization. Hence, he 
orocedure by which aiumoxane is produced by direct reaction of a trialkylaluminum with an undehydrated 
silica gel should insure the conversion of the bulk quantity of the trialkylaluminum to an aiumoxane having a 
high degree of oligomerization. in accoraance with this invention the desired degree of oligomerization is 
obtained by the order of addition of reactants as described hereinafter. 

Tne metallocene may be any of the orgarometallic coordination compounds obtained as a cyclopen- 
>adienyl derivativ of a transition m tel. Metaiiocenes which are useful for preparing an active catalytic 
complex according to :he process of this .nvernon axe the mono. b. and tri cyclopentadienyl or substituted 
cyclooentadienyl metal compounds and most preferably, bi-cyclop ntadienyl compounds. The metaiiocenes 
particularly useful in this invention ar represented by the general formulas: 
I. iCpUMR,^ 
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wherein Cp is a cyclopentadieny* ring. M is a Group 4b or 5b transition metal and preferably a Group 4b 
transition metal. R is a hydrocarryt group or hydrocarboxy group having from 1 to 20 carbon atoms. X is a 
halogen, ana "m" is a wnol nunber from 1 to 3. "n H is a whole number form 0 to 3. and "q" is a whole 
number from 0 to 3: 
5 II. (C 5 R \) Q R S (C 5 R \)MQ 3 ^ arc 
III. R\(CsR' k )2MQ' 

wherein (CsR \) is a cyctopentao nyl or substituted cyclop ntadienyl. each R is the same or different and 
is hydrogen or a hydrocarbyl radical such as alkyl. alkenyl. aryl. alkylaryL or arylalkyl radicals containing 
from 1 to 20 carbon atoms, a Siucon-containing hydrocarbyl radical, or a hydrocarbyl radical wherein two 

•o carbon atoms are joined together to form a C*-C* ring. R" is C-C* alkylene radical, a dialkyl germanium or 
silicone, or an alkyl phosohine or amine radical bridging two <C*R h ) rings. Q is a hydrocarbyl radical such 
as aryl. alkyl. alkenyl. aftkylaryi. or arylalkyl having 1-20 carbon atoms, hydrocarboxy radical having 1-20 
carbon atoms or halogen and car be the same or different. Q is an alkylidene radical having from \ to 
about 20 carbon atoms. ~s" is 0 zr i. H g" is 0. 1 or 2: when "g- is 0. "s" is 0: m k m is 4 when "s" is \ and 

•5 "k** is 5 when "s" is 0 and M is as defined above. 

Exemplar/ hydrocarfcyl radicals are methyl, ethyl, propyl, butyl, amyl. isoamyl. hexyl. isobutyl. heptyl. 
octyl. nonyl. decyl. cetyl, 2-ethyihexyl. phenyl, and the like. Exemplary alkylene radicals are methylene, 
ethylene, propylene, ana the like. Exemplary halogen atoms include cnlorine, bromine and iodine and of 
these halogen atoms. cWorine is preferred. Exemplary of the aikylidene radicals is methylidene. ethylidene 

20 and propylidene. 

Of the metallocenes. hafnocene. zirconocenes and titanocenes are most preferred. Illustrative but non- 
limiting examples of the metalloreres which can be usefully emoloyed in accordance with this invention are 
monocyciopentadienyl o:anoce-5s such as. cyclopentadienyl titanium trichloride, pentamethylcyclopen- 
tadienyi titanium thchlonce: bis<cyclopentadienyl) titanium diphenyl; the carbene represented by the formula 

25 Cp 2 Ti = CH 2 - AI<CH 3 ) 2 CI and denvatives of this reagent such as Cp 2 Ti = CH 2 • AI<CH 3 h. <Cp 2 TiCH 2 ) 2 . 
Cp 2 TiCH 2 CH(CH 3 )CH 2 . Cp 2 Ti = CHCH 2 .CH 2 . Cp 2 Ti = CH 2 • AlR~ 2 CI. wherein Cp is a cyclopentadienyl or 
substituted cylopentadienyl raoical. and R* is an alkyl. aryl. or alkylaryl radical having from 1-18 carbon 
atoms: substituted bis<Cp)Ti<IV> compounds such as bistindenyDTi diphenyl or dichloride. bis- 
{methyicyclopentadienyhTi diprenyl or dihalides and other dihalide complexes: dialkyl. trialkyl. tetra-alkyl 

:o and penta-aikyl cyclopemadieny. titanium compounds such as bis0.2-dimethylcyclopentadienyl)Ti diphenyl 
or dichloride. bis<1 .2-diethylcyc'coentadienyl)Ti diphenyl or dichloride and other dihalide complexes: sili- 
cone, ohospmne. amine or carrcn bridged cyclopentadiene complexes, such as dimethyl silyldicyclopen- 
tadienyl titanium diphenyl or dichloride. methylenedicyclopentadienyl titanium diphenyl or dichloride and 
other nhalice complexes and tr*s Uke. 

:5 illustrative but non-umiting examples of the zirconocenes which can be usefully employed in accor- 
dance with this invention are. cyclopentadienyl zirconium trichloride, pentamethylcyclopentadienyl zirconium 
trichloride, bistcyclopentadienyt. zirconium diphenyl. bis(cyclooentadienyl)zirconium dichloride. the alkyl 
substituted cyclopentadienes. such as bislethyl cyclopentadienyDzircomum dimethyl. bis(0-phenylpropyl- 
cyclopentadienyl)zircomum dimethyl. bis(methylcyclopentadienyl)zirccnium dimethyl, and dihalide com- 
plexes of the above: di-alkyi. tri-alkyl. tetra-alkyl. and penta-alkyl cyclopentadienes. such as bis- 
(pentamethylcyclopentaaienyl)zirconium dimethyl. bis(1 .2-dimethylcyclopentadienyl)zirconium dimethyl, bis- 
(l.3-diethylcyclopentadie^yl)zirccnium dimethyl and dihalide complexes of the above: silicone, phosphorus, 
and carbon bridged cyctopentaoene complexes such as dimethylsilyldicyclopentadienyl zirconium dimethyl 
or dihalide. methylphoscnine dicyclopentadienyl zirconium dimethyl or dihalide. and methylene dicyclopen- 
tadienyl zirconium dimethyl or nhalide. carbenes represented by the formulae Cp 2 Zr = CH 2 P(C*H 5 )2CH 3 . 
and oerivatives of these compounds such as Cp 2 ZrCH 2 CH(CH 3 )CH 2 . 

Bis(cyclopentadienyt>hafniurn dichloride. bis(cyclopentadienyl)hafnium dimethyl, bis(cyclopentadienyl)- 
vana dium dichloride and the like are illustrative of other metallocenes. 

Generally the use of a metaliocene which comprises a bis(substituted cyclopentadienyl) zirconium will 

so provide a catalyst complex of h.gher activity than a corresponding titanocene or a mono cyclopentadienyl 
metal compound. Hence bis(sutstituted cyclopentadienyl) zirconium compounds are preferred for use as 
the metaliocene. 

Heretofore the alumoxane ccmponent of the active catalyst complex has been separately prepared then 
addea as such to a catalyst suooort material which is then treated with a metaliocene to form the active 
55 catalyst complex. One procedure heretofore employed for preoaring the alumoxane separately is that of 
contacting water in the form of a moist solvent with a solution of trialkyl aluminum in a suitable organic 
solvent such as benzene or aliphatic hydrocarbon. As before noted this procedure is attendant with fire and 
explosion hazards which requires the use of explosion-proof equipment and carefully controlled reaction 
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conditions, in an alternative method heretofore employed for the separate production of alumoxane. an 
aluminum a:Kyi is contacted with a hydratec sail, such as hydrated copper sulfate. T -e method comprised 
treating a cuute solution of aluminum alkyi «n. for examcie. toluene, with a copper s^.fate pentahydrare. A 
slow, contrcited hydrolysis of the aluminum amy! to alurroxane results whicn substantially enminats the fire 
5 ana exploson hazard but with the disadvantage of the creation of hazardous waste croducts that must be 
disposed of and from which the alumoxane must be separated before it is suitable for use in the production 
of an active catalyst complex. Separate production of the alumoxane component by either procedure is time 
consuming and costly. Also, only TMA based alumoxane has good catalytic activity. Other alkylaluminums. 
such as TEAL, based aiumoxanes have very low catalytic activity. Correspondingly, ihe use of a separately 
to produced aiumoxane greatly increases the cost of producing a metallocene-alumoxane catalyst. 

In accordance with the present invention the alumoxane component of the catalyst complex is prepared 
by direct reaction of a trialkylaluminum with the material utilized as the catalyst support, namely an 
undehydrated silica gel. Silica useful as the caislyst succort is that which has a surface area =n the ranee of 
acout 10 tc aoout 700 m : g. preferably about 1 00-500 ara desirably about 200-400 - : g. a sore volurre of 
?s aoout 3 to aoout 0.5 cc g and preferably 2-1 g. and an adsorbed water content of -rom about 6 to aoout 
20 weight cercent. preferably from about 7 to about 15 weight percent. The average oarticle size (APS) of 
the silica may be from about 0.3u to about i00a and for a gas phase catalyt preferaoly from about 30u to 
about 60u iiu = I0~*mi. For a catalyst mteneed for htgn pressure single phase polymerization the particle 
size of the silica should preferably range from about 0.3 to no greater than about lOu. Hereafter, silica 
20 having the 20ove identified properties is referred to as urcehydrated silica gel. 

Undehyorate silica gel. as defined above, is added ever time, about a few minutes, to a stirred solution 
of tnaikyiaiuminum. in an amount sufficient to provide a mole ratio of tnaikylalumirum to water of ; com 
about 3.1 tc 1:2. preferably about l .2:1 to 0.3:1. When used singularly the tnaikyiaiuminum preferred for use 
m forming :he alumoxane is tnmethylaluminum. Next n order of preference, wnen usee singularly, is 
25 triethylalumtnum. Although triethylaluminum when reacted with a moist solvent or a nydrateo salt does not 
produce an alumoxane product which will serve as a cocatalyst for production of a high activity 
metallocene-alumoxane supported catalyst, it may be used in accordance with the procedure of this 
invention tc produce an alumoxane coated silica particle to which a metallccene may be aoded to form a 
high activnv metallocene-alumoxane suppcrtec catalys:. Hence, m the process of this invention, a nigh 
30 activity supcorted catalyst may be producea exclusively from TEAL although a TEAL produced catalyst will 
generally have a lower degree of catalytic acavity than a catalyst of similar composition the alumoxane 
cocatalyst d which is produced exclusively trcm TMA. Tne solvents used in the preparation of the catalyst 
system are tnert hydrocarbons, in particular a hydrocarbon that is inert with respect :o the catalyst system. 
Such solvents are well known and induce. *-zr examc e. isobutane. butane, pentare. hexane. heptane. 
35 octane, cyaohexane. methyicyclohexane. toluene, xylene and the like. 

Also suitable for use as the trialkylaluminum are tripropylalumiuum. tri-n-butylaluminum tri- 
isobutylalummum. tri(2-methylpentyl)aluminum. trihexylaluminum. tri-n-octylalummum. and tri-n-de- 
cylalummum. Although such trialkylaluminum ccmpouncs are ineffective when used to form an alumoxane 
cocatalyst separately from the silica gel support materia*, when reacted with an un-cehydrated silica gel in 
jo accordance with the procedure of the invention an effective alumoxane cocatalyst component is formed as a 
coating on tne silica gel particle. Again, in comparison to an alumoxane proauced from TMA. the alternative 
trialky aluminum compounds will not, when used singularly; produce a catalyst which is as active as one 
produced exclusively from TMA. The level of catalyst activity which can be attained with a given 
trialkylaluminum compound decreases as the size of the alkyl substituents increases, 
-ts Upon acdition of the undehydrate silica get :o the sciution of trialkylaluminum. the water content of the 
silica gel ccntrollably reacts with the trialkylaluminum to oroduce an alumoxane which is deposited onto the 
surface of the silica gel particles. Although the reaction cf the trialkylaluminum with the water content of the 
silica gel proceeds relatively quickly, that is. it is generally completed within the time of about 5 minutes, it 
does not occur with the explosive quickness of that which occurs with free water. The reaction may be 
so safely conducted in conventional mixing equipment under a manel of inert gas. 

A metaiiocene pre-reacted with trimethylaluminum (TMA). with a mole ratio of TMA:metallocene of from 
about 0.1:1 to about 10:1. is added to the stirreo suspension of alumoxane silica gel product in an amount 
sufficient to provide a mole ratio of aluminum to transition metal of from about 1000:1 to about 1:1. 
preferably from about 300:1 to about 10:1 and most preferably from about 150:1 to about 30:1. The mixture 
55 is stirr d for about 30 minutes to about one hour at amsient or an elevatea temperature of about 75 C to 
permit the metaiiocene to undergo complete complexing reaction with the aasorbed alumoxane. Thereafter, 
the solv nt is removed and the residual solids are drieo to a free flowing powder. The free flowing powder 
compris s a silica gel supported metallocene-alumoxane catalyst complex of sufficiently high catalytic 
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activity fo* use in the polymerization of olefirs by conventional gas phase or high pressure single phase 
polymen-ir.on procedures. 

The r.-zer of addition zer^een the unoe-ydrate silica ge< and the trialkyialuminum is imoortant with 
regarcs tc :ne activity of the supported catalys; which results upon addition of the metailocene. A supported 

5 catar/st exposition of little or no activity res-its wherein an malkylaluminum is added to a stirred solvent 
suspensior of undehydratec silica gel. it has seen found that :o prepare a supported catalyst composition 
of acceptable or high activity the order of mix-ng must be one wherein the undehydrated silica gel is added 
to a stirrfd solution of the trialkylaluminurr It is believed that this order of mixing forces the trial- 
kyialuminum to undergo reaction in the ccntext of a transent localized excess of tnaikyl aluminum 

»o comparec :o a transient realized deficiency of water. Uncer a mixing condition which slowly adds 
undehyaraied silica gel to a stirred solution :f trialkyl aluminum, the bulk content of the trialkyialuminum 
converts :: an alumoxane *nth a degree of oligomerization of about 2-30 (y = 2-30). Production of an 
a'umcxare *ith this degree ;f oligomerizatior results in a final metailocene alumoxane catalyst complex of 
useful :r - ;n activity. A reverse order of miK~g. that is. addmcn of an trialkylaiummum to a stirred solvent 

;s suspensio- of unoehydratec silica gel yields a catalyst which has a poor degree of catalytic activity. 

In acc :;on to the impoirance of proper rr <ing order in ach-eving a supported catalyst of useful activity, 
it has als: been observeo that the water ccrtent of the unoehydrated silica gel influences final catalyst 
activity Ke^ce the undehyc-ated silica gel Shculd have an adsorbed water content of from about 6 to about 
20 weigh: oercent. Preferany the adscrbec *ater content srould be from about 7 to about 15 weight 

20 percent. 

Furth-- influencing the regree of activity attained in the final supported catalyst complex is the mole 
ratio Df i-kyialuminum tc the adsorbed water content of the undehydrated silica gel. The quantities of 
tnalkyi a:--iinum employe, should, m comparison to the quantity of undehydrated silica gel of specifiea 
adscrcec *ater content, be selected to orovice a mole ratio of total trialkyialuminum tc water of from about 

25 3:1 to aoc*.t 1:2. preferably Torn about t .5:1 :: about 0.3:1, more preferably from about 1.2:1 to about 0.8:1. 
It has bee- observed that for a given metailocene, a maximum catalyst activity is generally observed in the 
trialkylalurr.num to water r-ole ratio range c: about 1.2:1 to about 0.8:1. Depending upon the particular 
trialkyialuminum selected : zr use. commercaJly acceptable ratalyst activities are exhibited in the trial- 
kylaiumir..—. to water moie ratio range cf abo:.: 3:1 to about 1:2. 

30 Also rrtuencing the ccs: of production ara.the level of caialytic activity obtained in the final supported 
catalyst crmolex is the rr;re ratio of alumirjm to transition metal of the metailocene component. The 
quantity metailocene aoceo to the alumoxa-e adsorbed silica gel solids should be selected to provide an 
aluminum :d transition meta: mole ratio of fr:m about 1000:1 :o about 1:1. preferably from about 300:1 to 
cool: 10 * and most pre'erably from abc: 150:1 to abet.: 30:1. From the standpoint of economic 

35 consicera: ;ns it is desirable to operate in the ower ranges of trie aluminum to transition metal mole ratio in 
order to r- nimize the cost ;f catalyst producron. The procedure of this invention is one which provides the 
maximum :onversion of the trialkyialuminum zomponent to the most efficacious form of alumoxane, hence 
permits :re safe production zi a supponed rretallocene alumoxane catalyst of useful activity with minimum 
quantities :f the costly triai*yi aluminum comconent. 

40 As be'Dre noted, the r/pe of triaikylalL-ninum utilized for production of the alumoxane cocatalyst 
componer: exerts an influence over the degree of catalytic activity that can be achieved in the final catalyst 
compositim. Heretofore tn-nethylaluminum -as been the trialkyialuminum of preference since it yields 
methyiaiunoxane (MAO). Metallocenes cocatalyzed .with methylalumoxane exhibit substantially greater 
catalytic activities than when cocatalyzed wit** higher alkylalumoxanes such as ethylalumoxane. Thus, even 

45 though tr=— ethylalummum zzsxs about :en tirres more than tnethylalurninum, though desirable from a cost 
stancpom:. because of its associated Icwer acility to activate -ne catalyst composition TEAL has not been 
the trialky aluminum of chc ce for use. 

The p*esent invention row provides a method by which the majority portion of the required alumoxane 
for a meta:ocene-alumoxare catalyst can be oroduced from tnethylalurninum to produce a final supported 

so cataiyst raving a degree of catalytic activity comparable to one of like Ahtransition metal ratio and 
metallocere composition bLt which is cocataiyzed exclusively with methylalumoxane. In this embodiment of 
the invent :>n. an ethylalumoxane coated silica gel is producec by treating an undehydrated silica gel with 
triethylatu-.inum. The ethy alumoxane coatee silica gel is then treated with the product which results from 
the reacticn of trimethylalummum with a meta.iocene. Preferabv/ the reaction of the undehydrated silica gel 

55 with trietr . aluminum (TEALi and the reaction of the metallocer with trimeihylaluminum (TMA) are carried 
out m an -ert solvent. Folic *ing addition of rre TMA treated rretallocene product to the TEAL treated silica 
gel, the sc vent is removec and the solics dried to a free-flowing powder. 

A ca:= yst composition :ne alumoxane cc:atalyst of which s produced exclusively from TMA generally 
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has a catalytic activity (measured as g polymer g transition metaLhr) about twice as great as a catalyst of 
sim.lar compos.tion the cocatalyst alumoxane of which is produced exclusrvely from TEAL. In accordance 
™th the method of this invention, a catalyst composition produced by addition of a TMA treated 
metailocene to a TEAL treated undehydrated silica gel will have an activity at least comparable to a catalyst 
ol l.ke metailocene composition and Al:transiticn metal ratio provided that the quantity of TEAL utilized .s in 
a mole ratio to the water content of the undehydrated silica gel of from about 3:1 to about 1:2. preferably 
from about 1 21 to about 0.8:1. while the total mole sum of TEAL and TMA .n mole ratio to the water 
content of the undehydrated silica gel is from about 3:1 to about 1:2. preferably from about 1.2:1 to about 
0 8 1 Within such values the quantity of TEAL which may be employed constitutes on a mole basis over 
99% of the alumoxane cocatalyst requirement. Hence on a mole basis the ratio of TMA to TEAL utilized m 
production of the final supported catalyst composition ranges from about 1:10.000. to about 1:1. and most 
preferably from about 1:1000 to about 1:10. .... 

By appropriate selection of the relative amounts of the metailocene and the tnalkylalum.num cocatalyst 
precursor one can attain by the present metnod the particular active catalyst comp.ex des.reo for any 
particular application. For example, higher concentrations of alumoxane in the :atalyst system generally 
result .n higher molecular weight polymer product. Therefore, when it is desired to produce a high 
molecular weight polymer a higher concentration of total trialkylaluminum is used, relative to the metai- 
locene. than when it is desired to produce a lower molecular weight materia.. For most applications the ratio 
of aluminum ,n the aluminum alky I to total metal .n the metailocene can be in the 'ange of from about 300.1 
to about 20:1. and preferably about 200:1 to about 50:1. ... . „ qH 

Following the addition of the trimethylaluminum treated metailocene to the tnethylalum.num treated 
s.l.ca ge. solids, the catalyst .s dried to a free flowing powder. Drying of the catar/st may be conducted by 
fi.trat.on or evaporation of solvent at a temperature up :o about 85 C. The cried free flowing powder 
comonses a me.allocene-alumoxane complex adsorbed upon the surface of the silica gel support particles^ 
The dried state composition exhibits a level of catalytic activity useful for polymerization of olefins by a gas 
phase or liquid phase procedure as are known in the art. 

As disclosed in copending application Serial No. 728.111 filed April 29. 1985. the molecular weight of 
the polymer oroduct can also be controlled by the judicous selection of substituents on the cycopen- 
tadieny. r.ng and use of ligands for the metailocene. Further, the comonomer content can be controlled by 
the judicious selection of the metailocene. Hence, by the selection of catalyst components .t .s Possible to 
tailor the polymer product with respect to molecular weight and density. Further, one may tailor the 
polymerization reaction conditions over a wide range of conditions for the product-on of polymers having 

Part fn U, L Pr examp.es following. :he melt incex (Ml) and melt index ratio (MIR) were determined in 
accordance with ASTM test D1238. 

Example 1 

A 300 ml quantity of dried and degassed heptane was charged into a one-liter three-neck flask 
equipped with a magnetic stirring bar. A mixture of 240 ml of trimethylaluminum (TMA) in heptane (1.62 M) 
was then charged into the flask to form a clear solution. 

A 1 00 0 g quantity of "undehydrated" si.ica ge. (Davison 948) which contained 8.1 % of water by weigh 
was slowly added into the flask. After the addition was completed, the mixture was stirred at ambient 

' ,em ?T2Tg ,0 quTntity 0 o r f di-<n-butylcyclopentadieny» zirconium dichloride partially dissolved in 100 ml of 
heptane was mixed with 5.0 ml of TMA in heptane solution (1.62 M). This ^™*2Z^£%!£ 
ambient temperature for 30 minutes. The TMA-metallocene reaction m,xture was then added into the flask 
and the mixture was allowed to react at ambient temperature for 30 minutes. 

, The mixture in the flask was heated to 55' C in an oil bath while a nitrogen gas was purged through .the 
nask mrTmove . he solvent. The heating and nitrogen purging were stopped when the mature m the flask 
turne d into^oTia^VTrT The mixture was then dried under vacuum to form a free-flowmg powder. 



^ \ 4 s /so q • r ) X :•.=>' 



5 Example 2 (Comparative) 



The procedure of Example i was then followed, with the exception that 260 ml of J^y^ mi t n ^ 
(TEAL) solution (1.54 M) was adced into the flask and the zirconocene was addec into the flask wthout the 
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prereaction with TMA 



Examole 3 

The procedure of Examc e i was ? ollowec with the exception that 200 ml sf .TEAL * 54 M) was adoeo 
intc the flask. 



ExcmDle 4 

The procedure of Examce 1 was 'ollowec with the excepnon that 220 ml of TEAL 54 M) was added 
mi: the fias<. 



Example 5 

The procedure of Examr e 1 was 4 ollowea with the exceoron that 230 ml zf TEAL * 54 M) was adoes 
into the flask. 



Examole 6 



The procedure of Exam: e i was 'oilowec with the excec:*on that 250 ml :f TEAL * 54 M) was adcez 
mtc the flask. 



Ex am ole 7 



The procedure of Exarrc'e 1 was followed with tne excection that 340 m of trietr^alummum (TEAL) 
solution (1.54 M) was addec nto the flask anc an "uncehydrated"* silica gel which contared 1 1.0% of water 
was then acded into the flas<. 



Example 8 

The procedure of Examc e 1 was "ollowed with the exception that 190 ml TEAL soiuoon (1.54 M) t 50 3 
silica gel containing l2.9°o *ater. 1.25 g zirconium compcuna. and 2.5 ml TMA solution :.62 M) were user 
m :ne preparation. 



Catalyst Test 

The activity of the cataiyst powders of Examples* 1-8 were determined at ambient remperature and 5 
psig^ ethylene pressure by ir.e followng procedure. A 150 milliliter viai was freshly leaned, heated :o 
130'C for 6 hours, cooled :o room temperature and flusheo with nitrogen fcr 10 mirues. The vial was 
provided with a magnetic swing bar and 2.5 grams of catalyst com positio n was charged into the vial. At 
amoient temperature ethylene gas was fed into the vial and an ethylene pressure of 5 psg was maintained 
for one hour. Thereafter ethy:ene gas *as vented from the viai and the poiyetnylene formed inside the viai 
was collected and weighed. The yield of polyethylene obtained with each catalyst composition is reported *n 
Table I. o , -> 
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TABLE I 



CATALYST T 


EST RESULT 


Caiaiyst 


Anount 




DAlnAlhulAna 

KOIycinylBno 






Exam pie 1 


2.5 


2 'comparative) 


i cr 

i .o 


3 


13 


• 


2.6 


5 


3.6 


o 


3.3 




39 


3 


3.8 



Th* nvent.c- nas tie*- descncec with reference to its referred embodiments. From this description, a 
person*- f ordinal skill .r -e an ray appreciate changes trat could be made m the invention which co not 
cepart '.-cm the sccce an: spirit of -.he invention as describee above and claimed hereafter. 



Claims 

1. A process for preparing a supoorted metailocene aiumoxane catalyst for polymerization of olefins. 

comprising the stecs of: . 

.=) addin- yncehv-ated *"ca ge i to a stirrec soluaon containing tnethyia-ummum in an amount 
sufficed to pro' re a mc * ratio •:' trethy -aluminum to water of from 3:1 to 1:2 anc allowing the mixture to 

" re3Ct ' lt) addinc :o tne reacted mature a solution of a me-allocene to which trimethylaluminum has been 
acdec *. an arrcunt sucr mat the -nc;e sum of triethy aluminum and tnmethyialum.rum is in a mole ratio to 
the wai=r conter: of the l- cehydre-ec silica gel of from 3:1 :c 1:2: 
o remove the s: .=nt: 

; 5 o dryinc :r.e solics ;o a free :'ic«ing powder. 

2. The process accomng to Cairn i . wherein said underrated silica gel has a -ater content of from 6 
to 20 weight percent, pre^rably frcm 7 to 15 weight percent. ... 

3 >e process acco'~ng to c aim i cr claim 2. wherein the mole ratio of alum.num to transition metal 
,r. sa.o -netalloce-e .s fro- 1000:1 :o creferably from 3C0:1 to 10:1 and especia. / 150:1 :o 30:1. 
40 4 The process acco-:.ng to =ny of the preceding claims, wherein said undehydrated silica gel has a 
water content cf from 6 ".: 20 we.cnt oercent ana the mole ratio of total trialkylaluminum to water is from 

*' 2 'V°Tne process according to any of the preceding claims, wherein the mole raco of trimethylaluminum 
to triethylaluminum is fror- 1:1000 to 1:10. 

6 The process accorcing to any of the preceding clams, wherein said undehydrated silica gel has a 
surface area of from 200 to 400 m=g. a pore volume of from 1 to 2 cc g and a parrcle size of from 30u to 

60t *7. A process for precanng a supported metailocene alumoxane catalyst for polymerization of ethylene 
and alpna olefin monomers, compnsing the steps of: 

<a> adding undehycrated snica gel to a stirred solution containing tnethylaiuminum in an amount 
sufficient to prov-de a mce ratio c« triethy-aluminum to water of from 3:1 to 1:2 anc allowing the mixture to 

re3Ct: -> addinc ^o the reaction nature a Product which results from tne reaction of tnmethy-aluminum with 
a metaJocene d *th forru.a: (Cp..MR B )C wherein Co is a cyclopentadieny. ring. M s a Group 4b or 5b 
transition metal. 3 -s a h.crocarby group or hydrocarooxy croup having from i to 20 carbon atoms. X .s a 
haloger. and m s a who? number from i.to 3. n is a whoie number from 0 to 3. ard 0 -s a whole numb r 
from 0 :o 3: (C.H J,R",(C.R\)M0^. or R , (C 5 R »)j Mu 

wnere-r ,c.R\i s a cyc^entadieryi or substituted cyctopemadienyl. each R .s the same cr different and 
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is hydrogen or a hydrocarbyl radical containing from 1 to 20 carcon atoms, a silicon-containing hydrocarbyl 
radical, cr a hydrocarbyl radical wherein two carbon atcms are oir d together form a C*-Gs ring, r" is 
C--Ci a>.ene raoical. a dialkyl germanium or silicone, cr an ai«yi choscnme or amine radical bridging two 
fC^RO • -gs. Q is a hydrocarbyl radical having 1-20 carcon atoms, nyarocarooxy radical having 1-20 

5 m carbon a::rns or halogen and can oe the same or oifferent. Q $ an alky-iaene r adical having from 1 to 20 
carbon arcms, s is 0 or 1. g is 0. 1 or 2: when g is 0. s is 0: k is 4 wnen s is 1 an: k is 5 when s is 0 and M 
is as denied above, wherein the cuantity of trlmethylaluminum added to the metallocene is such that the 
mole rate of trlmethylaluminum to metallocene is from 0.1:1 to 10:1:- 
(ci -emoving the solvent: 

to <C' gyring the solids to a free flowing powder. 

8. The process according to claim 7. wherein said metailocere is a zirconocere and or titanocene. 

9. The process according to claim 8. wherein said zirconocere «s selected frcm the group consisting of 
cyclopertadienyl zirconium trichloride: pentamethytcyclooentadienyi zlrcsnium tnchioride; bis- 
^cyclope-:3dienyi)zirconium dipheryl: biS(cyclcpenTadieryi»zircc"x-r-. dicr.ionce: akyl substituted cyclopen- 

•$ tadienes and their dihaiide complexes: dialkyl. tnaikyi. :etra-aik/i. and centa-a;*/! cyclo-pentadienes. and 
their diha ae complexes: and silicone, phosphorus, ana carbon encged r/dopertadiene complexes and/or 
wh rein said titanocene is selected from the group consisting of monocyciopentadienyl titanocenes: bis- 
(cycloper-:adienyl> titanium diphenyl: carbenes reoresened by :re formula Cd : Ti=CH ; • AI(CH3) 2 CI and 
their deriratives. wherein Cp is a cyclopentadienyl or substitutes cyclopentadieryl radical: substituted bis- 

20 (Cp)Ti(IV. compounds and their cihalide complexes: diaikyl. tnaikyi. tetra-aikyl and penta-alkyl cyclopen- 
tadienyl r:anium compounds and their dihaliae complexes: arc silicone, phesphine. amine or carbon 
bndgea iiopentadiene complexes, anc their ohande cemciexes. 

10. process according to ciaim 9. wherein said -ncenyc*a:ec smca get ~as a water content of from 
aoout 6 :: about 20 weight percent and the moie ratio of :r!aikyi aurr.inurr to wata* is from 3:1 to 1:2. 
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